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Abstract—In this work, two dissimilar forms of frequency 
selective surface (FSS) shaped are consider designing in 
Computer Simulation Technology (CST) and FORTRAN 
simulator. Square loop FSS is the first design and followed by 
the cross dipole FSS. The works start using Genetic Algorithm 
(GA) as the optimization tool to generate bits of the chromosome 
in designing the shape of energy-saving glass (ESG). Then, 
another way is using the Finite Difference Time Domain (FDTD) 
was working as a design the complicated shape in pixelized 
shape based on the unit cell thought. For the result, it can 
compare on several performance parameters. Firstly, in CST, 
the results of S21 shown - 43.2 dB as resonant frequency is at 
12.8 GHz. For FORTRAN simulator, it shows the performance 
of - 68.1 dB at 12.8 GHz of resonant frequency. 
 
Index Terms— frequency selective surface; Genetic 
Algorithm; energy-saving glass; Finite Difference Time 
Domain; Computer Simulation Technology 
 
I. INTRODUCTION 
 
Malaysia is a tropical land with a hot and wet climate all 
time laterally, with norm 340 C of temperature. Energy-saving 
glass (ESG) functioning in blocking of infrared and 
ultraviolet light radiation. It capability had been shown in the 
insertion of transparent metallic oxide coat on one side of the 
glass on the building [1-2]. This ESG had a capability to 
control the temperature level indoor and effect of reducing 
energy used. Low-emissivity (low-E) coating is the other 
name of metallic oxide coating had functioning to lessen the 
amount of ultraviolet and infrared ignitor that can pass over 
glass without conceding the volume of the transmitted 
observable light source.  
Besides that, this ESG are stated as green technology. 
Subsequently, it evades needless warmth from incoming a 
building over summer and protective the heat during winter 
[3]. In addition, even though ESG is normally exploited in the 
state with four-time of year, such as the European continent, 
it is also appropriate for universal countries, including near 
equator line states like Malaysia [4]. By the way, this ESG 
had been disadvantages to eliminating the many useful 
microwave and radio frequency (RF) signals. But, for some 
reason, this signal attenuation can effect to avoid some 
unwanted signal. 
Back to the previous work, the ESG had been designed in 
such over the world. Habib in his work had been done the 
investigation of a band-pass FSS for double glazed soft-
coated energy-saving glass that achieved - 20 dB 
performance in the range between 0.1 GHz and 2.3 GHz [5]. 
On the other hand, Ma introduced a tri-bandpass frequency 
selective surface (FSS) of ESG in the range of 0.833 GHz – 
0.1009 GHz, 1.842 GHz – 2.200 GHz and 3.420 GHz – 4.300 
GHz with performance higher than – 3 dB [6]. Sohail 
successfully designs a dual layer energy saving glass for RF 
communication in the range between 0.5 GHz to 2 GHz [7]. 
Last example, Ragulis introduced a wideband ESG with a 
thin conductive film that operates for microwave frequencies 
from 1 to 20 GHz [8]. 
Another two examples are focus in Malaysia. For the first 
case, Lim had been investigating on the one side of the glass 
that coated of the tin oxide (SnO2) for thermal insulation 
purpose. This work is operating in between 0.8 GHz and 2.2 
GHz [9]. 
Mohamad had been researching on the energy performance 
in a Green Energy Office (GEO) building in Putrajaya, 
Malaysia. This building had been built to as a decision of 
Malaysian government under Ministry of Energy, Green 
Technology and Water in 2004 by Low Energy Office (LEO) 
building law [10]. 
Frequency selective surface (FSS) is a radio frequency 
(RF) filter with a dielectric substrate that containing of an 
array of periodic metallic patches. Inductive FSS or 
capacitive FSS basically had the ability to pass or block the 
waves of convinced frequencies in free space. The FSS 
structure had been used in many applications such as a part of 
antenna design, metamaterial microwave absorber, and others 
RF application that using in electromagnetic interference, 
terahertz application, and radar cross-section. 
The length of the element of this FSS structure is a various 
of half of the resonant wavelength (λg⁄2) [11]. Due to the 
relative frequency selective surface feature, which is 
narrowband and periodic in 2D, FSS is joint to be used in a 
wide variety of equipment or purpose, such as the realization 
of a reflector antenna, arbitrary design, and cross radomes 
[12]. Table 1 demonstrates the several designed of regular 
covering glasses shapes ESG. These characters contain dipole 
antenna, cross dipole, double square dipole, and many other 
shapes. The glass and the metallic oxide coating is 
differentiating by the red and yellow color, respectively.  
Normal shape FSS coverings layers have been presented as 
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the explanation to overwhelm the loss of the signal of RF with 
ESG structure. On the other hand, the normal shape is 
signified whilst all the edges of the shapes have the equal 
length and angle standards that must be same for all the 
angles. The modern procedures and investigator 
approximately the numerous designs of normal form, which 
includes dipole, double rectangular loop, and different 
shapes, have exact to growth the transmission sign (S21) of 
convenient sign and on the similar time, to lessen signal 
attenuation. 
Aside from that, previous work by another designer mostly 
converted the design of normal shape into an alternative 
shape that makes use of the simple regular form which will 
acquire the high-quality transmission signal (S21). From the 
preceding work by other researchers, there are many of 
fundamental shaped stated, such as regular shapes are cross 
dipole [13-15], Jerusalem [16-18], and double square loop 
[19-20]. As a sample, a double rectangular loop shape, that's 
designed inside the rectangular loop form, is an addition to 
the second layer for another square loop where each shape is 
nonetheless a regular form. 
 
 
Table 1. regular ESG with glass and metallic oxide coating 
Researcher, 
year 
Design shape Remarks 
(Kiani,  
2008)  
[21] 
Square dipole shape 
 
Using CST 
simulator 
 
 
 
 
 
 
 
 
 
(Esselle, 
2011)  
[22] 
Double square dipole shape 
 
Blend 
between two 
regular 
square 
shapes 
 
 
 
 
 
 
 
 
 
(Olsson, 
2011)  
[23] 
Cross dipole shape 
 
Cross dipole 
is a mixture 
between 
square and 
rectangular 
shapes 
 
 
 
The example form that was considered to improve the 
transmission signal of ESG have been the cross-dipole form, 
that's indeed a normal shape by way of Kiani [21] in 2008. 
Cross dipole aperture became designed for the coated side for 
periodic unit mobile. This aperture became indifferent out 
from the lined to reduce the lessening of useful 
RF/microwave signal to skip thru the ESG for the complete 
band from 500 MHz to 6 GHz. The advance growth of this 
transmission coefficient of ESG at 1.3 GHz, 2.45 GHz, and 5 
GHz were - 9 dB, - 5.25 dB, and - 4 dB, respectively. 
Within the different works, in 2011, Ranga and Esselle [22] 
were studies on the rectangular shape that combined with 
added square form in a single layout. It shows that the double 
square loop shape is convenient with the microwave signal 
and it changed into executed from 500 MHz to six GHz for 
GSM software, which turned into altered from 900 MHz to 
1800 MHz and a wireless local area network (WLAN) utility 
for 2.45 GHz and 5.25 GHz. 
Olsson [23] in 2008 had been investigating the square loop 
at four different frequencies at 0.9 GHz, 1.8 GHz, 2.45 GHz 
and 5.25 GHz, focusing on the frequency range for ESG 
applications. This transmission was for vertical (TE) 
polarization from 0° to 60° angles of incidence.  
Azemi [24] had been introduced the 3D FSS with array ring 
unit element with the cylinder shape that operates in the band 
stop region range from 2.56 GHz to 2.67 GHz. Sharma in 
2017 presented his work on the small Ku band F-shaped patch 
antenna that using the FSS structure that applies between 12.0 
GHz and 18.0 GHz [25]. 
Bodur [26] design a 12×12 reflectarray antenna that using 
double layer FSS with a resonant frequency range between 
2.0 GHz and 12.0 GHz. This structure effect to a decrease of 
radar cross section (RCS) compares with a reflect array 
antenna without FSS. The alternative works at the FSS are 
stated by Lee [27]. His study focusses on the effect of the 
square loop FSS structure as a filter to attenuate other than 
WLAN (2.4 GHz) signal. 
The prevailing tools, along with the Computer Simulation 
Technology (CST) Microwave Studio simulator has 
restriction in its feature, in time of fixing attenuation (mesh 
cell ability within the software program) since complex form 
could be difficult to form which create the designing method 
tough where the complicated form involves small pixels, and 
it’s complex to design and enhance each single pixel. 
Therefore, this studies design two distinctive varieties of 
frequency selective surface of rectangular loop FSS and go 
dipole FSS. Distinctive tool was applied to design a complex 
form by means of the use of Genetic algorithm (GA) as the 
optimization device to generate bits of chromosome in 
designing the shape of ESG, whilst the Finite-difference 
Time-domain (FDTD) was hired as a technique of numerical 
set of rules modeling to design the complex shape in pixelized 
form primarily based on the cellular unit concept. 
 
II. ALGORITHM METHOD 
 
This segment stated on the substances and the approaches 
that had been applying in this study. It portrays the method 
applied to broaden the simulator tool for designing the FSS 
form structure until simulation of the shape primarily based 
on the approach defined within the preceding segment. This 
procedure clarifies how the simulator tool produced the FSS 
layout by making use of the aggregate among both strategies; 
which have been Finite difference Time-domain (FDTD) as 
the numerical modeling technique and Genetic algorithm 
(GA) as the optimization tool to be able to suggest the random 
(complex) FSS design form of ESG. FDTD has a capability 
to solve the various electromagnetic wave calculation in the 
time domain.  
Comparable Analysis on Frequency Selective Surface (FSS) Structures using Finite FDTD in FORTRAN and CST 
 ISSN: 2180 – 1843   e-ISSN: 2289-8131   Vol. 10 No. 2 31 
Zhang [28] in his paper done the investigation on the 
periodic structure using this two-different method of split-
field FDTD and Spectral FDTD. Chen [29] in his paper apply 
the alternating-direction-implicit finite FDTD technique for 
tunable graphene-based FSS in terahertz frequency range. On 
the other hand, Shunxi [30] had been evaluating the periodic 
structures by oblique incident electromagnetic wave using 
this FDTD technique. His design is applying for a double-
layered dielectric plate at millimeter wavelengths. 
The key program ESGCPML in evolving the tool starts 
with module Preprocess where the subroutine 
FetchNumberFileTherefore, work to design the structure in 
3D without generating the ESG structure, by reading file 
“InputTXT\PremierFichier.txt". The ESG structure without 
the item, as depicted in Figure 1. 
 
 
Figure 1. Modelling structure without ESG item inside the structure 
 
The approach concerned the system of 3-d FDTD for a unit 
cell with ESG, which protected the idea of FDTD and 
Maxwell’s equation that confined Faraday’s regulation and 
Ampere’s law in growing three-D FDTD systems of unit 
cellular. 
The calculation of FDTD replicated the discretization of 
the magnetic and electric field of battle in Maxwell’s scalar 
par for both spatial and time domains. This FDTD allowable 
the boundary condition on the outer margin of the domain to 
simulate its extension phone to infinity and to block the 
mirror image of the outgoing wave to avoid the presence of 
those affected by reflected waves of the modelled bodily 
structure. 
The components of FDTD imitated the discretization of 
magnetic and electric powered fields in Maxwell’s scalar 
equations for both spatial and time domain names. They 
permitted the boundary situation at the outer perimeter of the 
area to pretend its extension to infinity and to dam the 
mirrored image of the outgoing wave to keep away from the 
presence of these stricken by pondered waves of the modelled 
structures.  
Equation (1) to Equation (6) exposed on the FDTD 
equation for Electrical Field in x,y,z-axis and FDTD equation 
for Magnetic Field in x,y,z-axis.  
 
FDTD equation for Electric Field in x-axis: 
𝐸𝑥
𝑛+1(𝑖, 𝑗, 𝑘) = 𝐶𝑒𝑥𝑒(𝑖, 𝑗, 𝑘) × 𝐸𝑥
𝑛(𝑖, 𝑗, 𝑘) + 𝐶𝑒𝑥ℎ𝑧(𝑖, 𝑗, 𝑘)
× (𝐻𝑧
𝑛+
1
2(𝑖, 𝑗, 𝑘) − 𝐻𝑧
𝑛+
1
2(𝑖, 𝑗 − 1, 𝑘))
+ 𝐶𝑒𝑥ℎ𝑦(𝑖, 𝑗, 𝑘) (𝐻𝑦
𝑛+
1
2(𝑖, 𝑗, 𝑘)
− 𝐻𝑦
𝑛+
1
2(𝑖, 𝑗, 𝑘 − 1)) + 𝐶𝑒𝑥𝑗(𝑖, 𝑗, 𝑘)
× 𝐽
𝑖𝑥
𝑛+
1
2(𝑖, 𝑗, 𝑘) 
(1) 
 
FDTD equation for Electric Field in y-axis: 
𝐸𝑦
𝑛+1(𝑖, 𝑗, 𝑘) = 𝐶𝑒𝑦𝑒(𝑖, 𝑗, 𝑘) × 𝐸𝑦
𝑛(𝑖, 𝑗, 𝑘) + 𝐶𝑒𝑦ℎ𝑥(𝑖, 𝑗, 𝑘)
× (𝐻𝑥
𝑛+
1
2(𝑖, 𝑗, 𝑘) − 𝐻𝑥
𝑛+
1
2(𝑖, 𝑗, 𝑘 − 1))
+ 𝐶𝑒𝑦ℎ𝑧(𝑖, 𝑗, 𝑘)
× (𝐻𝑧
𝑛+
1
2(𝑖, 𝑗, 𝑘) − 𝐻𝑧
𝑛+
1
2(𝑖 − 1, 𝑗, 𝑘))
+ 𝐶𝑒𝑦𝑗(𝑖, 𝑗, 𝑘) × 𝐽𝑖𝑦
𝑛+
1
2(𝑖, 𝑗, 𝑘) 
(2) 
 
FDTD equation for Electric Field in z-axis: 
𝐸𝑧
𝑛+1(𝑖, 𝑗, 𝑘) = 𝐶𝑒𝑧𝑒(𝑖, 𝑗, 𝑘) × 𝐸𝑧
𝑛(𝑖, 𝑗, 𝑘) + 𝐶𝑒𝑧ℎ𝑦(𝑖, 𝑗, 𝑘)
× (𝐻𝑦
𝑛+
1
2(𝑖, 𝑗, 𝑘) − 𝐻𝑦
𝑛+
1
2(𝑖, 𝑗, 𝑘 − 1))
+ 𝐶𝑒𝑧ℎ𝑥(𝑖, 𝑗, 𝑘)
× (𝐻𝑥
𝑛+
1
2(𝑖, 𝑗, 𝑘) − 𝐻𝑥
𝑛+
1
2(𝑖 − 1, 𝑗, 𝑘))
+ 𝐶𝑒𝑧𝑗(𝑖, 𝑗, 𝑘) × 𝐽𝑖𝑧
𝑛+
1
2(𝑖, 𝑗, 𝑘) 
(3) 
 
FDTD equation for Magnetic Field in x-axis: 
𝐻𝑥
𝑛+
1
2(𝑖, 𝑗, 𝑘) = 𝐶ℎ𝑥ℎ(𝑖, 𝑗, 𝑘) × 𝐻𝑥
𝑛−
1
2(𝑖, 𝑗, 𝑘)
+ 𝐶ℎ𝑥𝑒𝑦(𝑖, 𝑗, 𝑘) (𝐸𝑦
𝑛(𝑖, 𝑗, 𝑘 + 1)
− 𝐸𝑦
𝑛(𝑖, 𝑗, 𝑘))
+ 𝐶ℎ𝑥𝑒𝑧(𝑖, 𝑗, 𝑘)(𝐸𝑧
𝑛(𝑖, 𝑗 + 1, 𝑘)
− 𝐸𝑧
𝑛(𝑖, 𝑗, 𝑘)) × 𝐶ℎ𝑥𝑚(𝑖, 𝑗, 𝑘) ×𝑀𝑖𝑥
𝑛 (𝑖, 𝑗, 𝑘) 
(4) 
 
FDTD equation for Magnetic Field in y-axis 
𝐻𝑦
𝑛+
1
2(𝑖, 𝑗, 𝑘) = 𝐶ℎ𝑦ℎ(𝑖, 𝑗, 𝑘) × 𝐻𝑦
𝑛−
1
2(𝑖, 𝑗, 𝑘) + 𝐶ℎ𝑦𝑒𝑧(𝑖, 𝑗, 𝑘)
× (𝐸𝑧
𝑛(𝑖 + 1, 𝑗, 𝑘) − 𝐸𝑧
𝑛(𝑖, 𝑗, 𝑘))
+ 𝐶ℎ𝑦𝑒𝑥(𝑖, 𝑗, 𝑘)
× (𝐸𝑥
𝑛(𝑖, 𝑗, 𝑘 + 1) − 𝐸𝑥
𝑛(𝑖, 𝑗, 𝑘))
× 𝐶ℎ𝑦𝑚(𝑖, 𝑗, 𝑘) ×𝑀𝑖𝑦
𝑛 (𝑖, 𝑗, 𝑘) 
(5) 
 
FDTD equation for Magnetic Field in z-axis: 
𝐻𝑧
𝑛+
1
2(𝑖, 𝑗, 𝑘) = 𝐶ℎ𝑧ℎ(𝑖, 𝑗, 𝑘) × 𝐻𝑧
𝑛−
1
2(𝑖, 𝑗, 𝑘) + 𝐶ℎ𝑧𝑒𝑥(𝑖, 𝑗, 𝑘)
× (𝐸𝑥
𝑛(𝑖, 𝑗 + 1, 𝑘) − 𝐸𝑥
𝑛(𝑖, 𝑗, 𝑘))
+ 𝐶ℎ𝑧𝑒𝑦(𝑖, 𝑗, 𝑘)
× (𝐸𝑦
𝑛(𝑖 + 1, 𝑗, 𝑘) − 𝐸𝑦
𝑛(𝑖, 𝑗, 𝑘))
× 𝐶ℎ𝑧𝑚(𝑖, 𝑗, 𝑘) × 𝑀𝑖𝑧
𝑛(𝑖, 𝑗, 𝑘) 
(6) 
 
PBC 
Wave source 
CPML 
PBL 
CPML 
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where i, j, k characterizes the index in Yee cell position 
along axis-x, axis-y, and axis-z 
These six equations can be communicated utilizing a 
limited contrast estimation and revamp into six parts of the 
electric and attractive field with the regarding coefficient. 
Shortening the discretization of Ex electric field equation. For 
Ey and Ez electric field equations, the same practice is used. 
This is also related for Hx, Hy and Hz magnetic field equations, 
that apply the same style of practice. 
Figure 2 demonstrates the flow chart of this work of the 
executed the technique of FDTD to construct the simulation 
tools. This procedure commenced with the literature 
reviewing on FDTD technique. 
 
 
Figure 2. flow chart of implemented the technique of FDTD to develop 
simulation tools. 
The applying to generate a population of solutions and 
some genetic operators had been applied, including mutation 
and crossover, to evolve the answers so that you can discover 
the quality one. The optimization tool enters included the 
wide variety of Yee cells, the kind of symmetry, the quantity 
of chromosome, the sort of complex, the kind of steel 
chromosome, and the form of cellular used in the structure in 
this study, as exposed within the Matlab code in Figure 3. 
 
Cell=42% input unit cell length  
sym=8 %type of symmetrical 4-quart, 8-octal, 0-no 
symmetry   
numchro=1 % the numbers of chromosome 
random=1 % 1-random, 0=no random 
allone=0 % for unique chromosome, 1-for all 
chromosome is metal, 0-no chromosome is metal 
HalfCell=Cell/2; 
Figure 3: Matlab Code for GA optimization 
     
III. FSS DESIGN 
 
As for the regular form design, the metal oxide is covered 
on only some components of the glass. The proportion of 
coating is 30%, with glass without coating is 70%. From the 
share 30:70, it shows the possibility to signal replicate is 
better than the transmission signal. The metal oxide this is 
implemented on ESG on one aspect of the ordinary waft glass 
blocks the infrared rays but agrees on the white alerts [31]. 
Moreover, as a description of the ESG, the metal oxide 
covering layer does now not affect the prominence via the 
glass. The covering layer of ESG displays the warmth lower 
back into the structure that decreases heat loss via the opening 
hole. 
In this system, typical form turned into designed for permit 
WLAN software. Figure 4 shows the steel patch for the FSS 
is perform in a rectangular loop shape. This design has been 
finalized in two alternative software of the CST and 
FORTRAN. The patch length, L is 12.0 mm with width, W of 
is 3.0 mm. there aren't any metal in the loop which. In this 
design, the loop is designed without metal. 
 
    
 
Figure 4. FSS design of square loop shape, (a) in CST and (b) in 
FORTRAN software 
 
Besides that, the second shaped that been apply in this 
work is a cross dipole, stated in Figure 5. Both designs had 
been applying in two different software of CST and 
FORTRAN, same as square loop-shaped. In this design, the 
incident electromagnetic wave is located points towards the 
middle part of the design with the dimension of 12 mm x 3 
mm of length, L and width, W. 
 
(a) (b) 
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Figure 5. FSS design of cross dipole shape, (a) in CST and (b) in 
FORTRAN software 
 
IV. RESULT 
 
After the simulation work is done, the performance of this 
square loop-shaped is proven in Figure 6. From the 
determined, the graph outline has change differently among 
the FORTRAN and CST result. The result in FORTRAN 
shown the transmission coefficient of - 80 dB at 13.6 GHz of 
resonant frequency. The performance of the CST is achieved 
- 46.2 dB at 13.5 GHz with only 0.1 GHz slightly different of 
resonant frequency location compare with FORTRAN result. 
As the comparison, Esselle [22] was observed that - 22 dB 
transmission loss for both signals. Both simulators show the 
significant larger bandwidth with CST and FORTRAN shows 
the performance of 5.8 GHz and 5.1 GHz, respectively.  
 
 
 
Figure 6. Graph of transmission coefficient for square loop FSS 
 
The graph of transmission coefficient for cross dipole FSS 
is represented in Figure 7. In this graph, both illustrate the 
nearly same each other, with a little slight variance result at 
some points. The resonant frequency for both FDTD in 
FORTRAN and CST are 12.8 GHz with different 
transmission coefficient result of 68.1 dB and - 43.2 dB, 
respectively. For bandwidth, it shows 1.7 GHz for 
FORTRAN while 1.9 GHz in CST. On the other hand, 0 dB 
attenuation is exposed to cross dipole transmits WLAN. 
Compared with same style design of Kiani [19] in CST, the 
addition of ESG can improve the transmission at three 
different resonant frequency at 1.3 GHz, 2.45 GHz, and 5.0 
GHz with - 9.0 dB, - 5.25 dB, and – 4.0 dB. 
 
 
Figure 7. Graph of transmission coefficient for cross dipole FSS 
V. CONCLUSION  
 
In this work, the gap of research defines that two-different 
existing basic shape is used – the square loop shape FSS and 
another one is cross dipole shape FSS. After finished the 
simulation work for both FDTD in FORTRAN and CST 
simulator, it shows that the nearly same performance results 
on the transmission coefficient. In can be concluded that 
FDTD had been a suitable simulator to carry out a 
computational electromagnetic system for simulating the FSS 
design in Periodic Boundary Condition (PBC). For the future 
work, the other researcher can use the other complex or 
complicated design to ensure the acceptable result of the FSS 
design. The other researcher also can use another RF 
simulator such as HFSS simulator to compared with the 
previous CST and FORTRAN results performance. 
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